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With two-thirds of software projects running long and over budget 1), it is important that upper management understand
the value of proper estimation technigues, and that their estimators are as accurate as possible. This article discusses formal

estimation techniques, accurate software estimation tools, the misinterpretation of estimation as target setting, and the accu-

racy of estimates.

Software projects are notoriously com-
plex and difficult to estimate accurate-
ly. Many authors have referred to estima-
tion as a black art. Estimating a project
accurately involves carefully analyzing data
from many different aspects of the pro-
ject, and using a number of different tech-
niques to get the best estimate possible
with the given information. Even then—
depending on the accuracy of project
information and how far along the project
is in its life cycle—the estimate may still
not be very close to the actual values at the
project’s completion.

Accurate project estimates, even eatly
in a project’s life cycle, are extremely
important to an organization’s success. For
example, when prospective customers
have received their requested proposals for
a certain project and have gone through
their initial proposal evaluation process,
those short-listed organizations will have to
submit cost and schedule estimates. If the
organization awarded the project has initial
estimates that are too optimistic, they may
get stuck developing a project that runs
over budget or breaks the contract in
terms of scheduling; the end result may be
losing revenue instead of turning a profit.
If a certain organization’s initial estimate is
too pessimistic, they are likely to be reject-
ed in favor of another whose estimates
look more favorable to the customer.
When so much is resting on finding accu-
rate estimates—especially early in the
requirements definition phase of a pro-
ject—it is in every company’s best interest
to apply any and all available techniques to
make sure their estimates are as close as
possible to the actual values.

Despite many developments in estima-
tion techniques, most project estimates are
still not very good. In fact, only about one-
third of all projects are completed on-time
and on-budget, with some off in both
areas and others so far gone that they are
discontinued before completion. These
numbers represent huge losses in profit.
Howevert, it is sometimes difficult to trace
these losses directly back to problems in
the estimating processes.

A number of different factors play into
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this problem of poor estimation. One of
the most common is that, in many cases,
accurate estimation techniques are simply
not applied. Many organizations, in the
interest of saving time and money, try
guessing at project estimates with no for-
mal process for determining the project’s
cost and scheduling needs [2]. This is most
likely due to a lack of understanding of the
importance of estimates. Estimating accu-
rately involves a lot of time and money,
and there is not always any direct and easy
way to see a return on any investments
made in proper estimation processes.

Sometimes organizations will try to
take shortcuts to save money in estimation.
One of the most common mistakes is bas-
ing estimates entirely off of historical data
from past projects. The estimator will sim-
ply find a project that seems similar to the
project they are estimating and use the
final values from that project. While this
technique is an important piece of the esti-
mation process, when used alone it is a
proven cause of schedule and cost ovet-
runs [2]. Since the industry is constantly
developing and changing quickly, estimates
based entirely on historical data are not
enough. For accuracy, historical data
should be used alongside other methods to
find the most accurate possible estimates.
It is important to use those values, but also
to check them against values obtained
from the latest updated estimation models
and tools to keep up with the industry as it
changes.

Another common problem is that
deadlines are sometimes set before esti-
mates are even made. The estimator then
has to count backwards from the deadline
in order to make the estimate instead of
forming their own schedule [1]. This dis-
courages a proper estimating process and
is likely to influence the estimator into
making overly optimistic estimates.

Even when good estimating models
and tools are used, sometimes not enough
effort is put into making sure the estimates
are based on accurate or complete infor-
mation. As one author puts it, “any esti-
mate is only as accurate as its least accurate
input variable” [1]. It is extremely impor-

tant that estimators take the time to make
sure all their data is as accurate as possible
for that stage of the project’s development
before committing to any final estimates.
If the data used to make the estimates is
incomplete or inaccurate, the resulting esti-
mate will also be incomplete and inaccu-
rate.

There are a number of tactics that can
be applied to help solve some of these
problems. The most important of these is
that a proper formal estimation process
should be used in all cases. Guessing or
taking shortcuts to come up with quick
results will not provide the quality esti-
mates that are needed. Formal estimation
techniques are proven to make estimates
much more accurate, especially eatly in
project development when the require-
ments and risks are not yet clearly defined
[2]. When so much rests on estimates
being accurate, it is important not to cut
any cotrners.

Another technique is to use multiple
estimating techniques in combination.
Using historical data from your own orga-
nization (as well as from others) and a few
different models and tools can help find
the best possible estimate [3]. Each of the
estimates found from these techniques is
an approximation. It is very unlikely that
any of them will be exact: Multiple tech-
niques can bring the final estimate closer
to the right target.

Since all estimates are really only
approximations, it is best to avoid settling
on any single number. Early on—when
requirements may not be completely
defined and other changes in the project’s
completion plans may still take place—
estimates are often significantly inaccu-
rate. One technique to improve accuracy is
to provide a best-case-scenario estimate, a
worst-case-scenatrio estimate, and an
expected estimate. The final estimate can
then be provided as a range of values,
rather than committing to one specific
value from the start [1]. For example, an
estimator may say that a project is likely to
cost between $350,000 and $600,000. This
gives the organization a general idea of
how much the project will cost, but does

www.stsc.hillaf.mil 27



Open Forum

not fool them into thinking the estimate is
more than an approximation.

For large-scale projects, however, man-
ual estimation is not enough. There are a
number of complex tools available to help
create accurate estimates; for complicated
projects with many parts, these are some-
times the only way to get a good estimate.
In general, these tools are much more
accurate than estimation by hand. Manual
estimates tend to be too optimistic, often
by more than 30 petcent [4]. Even when
they are done more carefully, a manual
estimate will rarely be more accurate than
an estimate made with the help of one of
these tools.

Understanding the importance of
accurate estimation—and a willingness to
put in the resources needed to support
good estimation processes—are vitally
important to an organization’s success.
Learning what is involved in making good
estimates, and what techniques can help
improve estimate accuracy even more, are
important first steps.

Estimation Tools

There are a number of software estima-
tion tools available to help in making accu-
rate estimates. For larger projects of more
than a thousand function points, it is
almost always necessary to use these tools
rather than attempt manual estimation:
They are complex and have so many fac-
tors that must be taken into account that
an estimation tool is much faster than esti-
mating by hand [4]. Even for smaller pro-
jects, there are a number of advantages to
using automated tools rather than pure
manual estimation.

Automated estimation tools tend to be
much more accurate than manual estima-
tion. Since there is less human interference,
the estimates are less likely to be influenced
by human bias that might make them unre-
alistically optimistic. Automated tools are
also much less likely to underestimate or
ovetlook effort involved in areas such as
design, documentation, and testing [5].

There are many features that are fairly
standard across most estimation tools that
will assist in sizing estimates and estimat-
ing at the phase, activity, and task levels.
They will also help with general quality
and reliability estimation. Most will sup-
port size measurements in both function
point and source lines of code units, and
support conversions from one to the
other. Most tools also have support for a
variety of different languages, including
older languages such as COBOL and
FORTRAN.

Some tools also provide other features,
but these are not standard across all tools.

Some will perform risk and value analysis,
inflation calculations for long-term pro-
jects, and currency conversions for inter-
national projects. Some will provide sup-
port for various standards like the SEI’s
CMMI®. Many tools also allow the organi-
zation to input historical data, which is
then used to adjust scheduling and other
estimates. Because estimation tools are
often used in combination with project
management tools such as Artemis or
Microsoft Project, many also provide
interfacing capabilities [4].

Even with all these features, there ate
still many aspects of a project that must
be accounted for manually. They include
things such as fees for trademark and
copyright searches and legal expenses for
any breach of contract if a project is not

“Understanding the
importance of accurate
estimation, and a
willingness to put in the
resources ... are vitally
important to a
company’s success.”’

completed on-time or on-budget [4].
Generally though, when all input factors
are carefully considered and are accurate,
estimation tools will provide a thorough
and accurate estimate of a much higher

quality than can be achieved by hand.

Estimation Isn’t Target Setting
One common misunderstanding is that
estimation is simply the process of finding
a target end-date and total cost for a pro-
ject. This assumption is dangerous
because estimates are not exact, and eatly
estimates are not nearly precise enough to
pin down exact values. Committing to spe-
cific values early on is likely to cause the
project to either go over schedule or run
too long;

Estimates can help provide a general
idea of when a project will be finished and
how much it will cost, but it is impossible
to settle on specific values with total cer-
tainty. For example, one could estimate
that a project is likely to be finished some-
time between 10 and 16 months, but thetre
is still a chance that the project will not be
completed within this time frame. Even
setting a target end-date at the end of this
range could be dangerous. Moving the
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target end-date with no particular pur-
pose does nothing but change the proba-
bility of the project actually finishing on
schedule [2]. Cleatly, this estimate is not a
good basis for choosing a specific end-
date.

Target setting takes place when an
external factor is determining a required
end-date or budget. If a project must be
completed by a certain event (like a spe-
cific conference) or by the end of a fiscal
year, then a target end-date is set. The
estimation process then becomes a mat-
ter of deciding how much can be com-
pleted by that date with a certain amount
of resources, and refining the requite-
ments to fit into this time frame [2].
Working backwards carefully like this can
ensure that the project finishes by a cer-
tain date, but it may involve sacrifices in
requirements or an increase in resources.
If there is no specific end-date, using the
estimation process to set one is risky.

Estimation is a process of taking a set
of input values, conducting some careful
analysis, and ending with a set of results.
Once these results are found, it makes no
sense to try to argue against or change
results. The estimation process cannot be
altered to achieve different results, and
trying to change them to fit within a cer-
tain budget or time frame will only make
the project less likely to succeed. If the
results of an estimate are not satisfactory,
the only reasonable way to change them
is by adjusting the inputs—the informa-
tion that the estimate was based on.

Inputs, like requirements and re-
sources, determine the final results of
estimation. Changing these values is the
only way to reasonably affect the estima-
tion results. If the estimated cost of a
project is too high, it may be possible to
adjust it by reducing the functionality of
the system, consequently making the pro-
ject smaller. If the estimated time frame
is too long, it can often be changed by
adding more resources to the project.
These are the only meaningful ways to
change estimated values.

Accuracy of Estimates

Eatly on in a project’s development, esti-
mates are likely to be very inaccurate.
Estimates are based on inputs concerning
what is known about the project; conse-
quently, if the concept of the project is
not entirely clear or does not match exact-
ly with what the finished product will look
like, the estimate is likely to be pretty far
off from the final values. Functionality
may need to be added or adjusted as the
product is developed because require-
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ments change often during project devel-
opment and systems often don’t work
exactly as planned. Because this uncertain-
ty is based in the inputs and not in the esti-
mation process, spending more time on
the estimate itself will not necessarily
make it more accurate [6]. While spending
extra time in the planning phase and
ensuring all of the processes used are
mature can help increase the accuracy of
early estimates, it is still not accurate
enough to meaningfully commit to specif-
ic values [2].

As the project progresses—and
requirements become clearer and eventu-
ally set in stone—estimates become more
accurate. HEstimates in the conceptual
phase (before extensive planning is done)
are often off by as much as 50 percent,
but are down to approximately 25 percent
by the time functionality is determined. By
the time the project is actually being
implemented, estimates are usually within
10 percent of the final values [7]. It is
important to note that these values are
based on estimates made by skilled, expe-
rienced estimators and formal estimation
methods. If the estimators were less expe-
rienced or used less precise estimating
techniques, their estimates would likely be
even further off the mark [6].

The most significant improvements in
estimation accuracy occur during the first
20 to 30 percent of project development
[6]. This represents the planning phases
where the unknowns that cause such prob-
lems with estimation accuracy are being
eliminated. To understand an estimate at
any given point in development, it is
important to understand how precise one
can expect estimates to be at that stage.

Because eatly estimates are so inaccu-
rate, it is important that they are never
treated as exact expected final values.
Early estimates should always be
expressed in ways that cleatly show this
uncertainty, such as describing them as
ranges of values rather than fixed points
[2]. It is also essential that no commit-
ments to specific values are made early on.
Because there is so much possibility for
inaccuracy early in development, any com-
mitments made within the first 30 percent
of a project’s life cycle are not reasonable
or meaningful [6].

HEstimates should never be treated as
exact final values, but carly estimates in
particular should be treated with care. As
one author explains, “the only time we
have sufficient data to truly warrant the
label ‘accurate’ is at the very end of the
project when all the variables are resolved.
Unfortunately, no one will ever ask for an
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estimate at that stage” [8].4
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